Pathologists are faced with a variety of problems when considering placental tissue in cases of stillbirth. It is recognized that there are changes which occur following fetal demise and which can complicate the assessment and may coexist with other morphological changes. It is recognized that up to 25% of stillbirths may have a recognizable abnormality causing fetal demise. A systematic review of placental tissue allows many of these disorders to be identified. This review considers macroscopic and microscopic features of placental pathology in stillbirth together with clinicopathological correlation. Stillbirth definitions, general aspects of macroscopic assessment of placentas, placental changes after fetal demise, and some recognizable causes of fetal demise are considered. Acad Forensic Pathol. 2019 9(1-2): 2-14 
INTRODUCTION

Stillbirth Definitions
The World Health Organization (WHO) recommends the definition of stillbirth as a baby born with no signs of life after 28 weeks' gestation (1) . There are more conservative definitions currently in place in many developed countries, including the United States (2), United Kingdom, and Australia (this is highlighted in Table 1 ).
Definitions of stillbirth vary and usually relate to fetal demise at 20 weeks' gestation or later. The variations in definitions are shown in Tables 1 and 2 . All live births and fetal loss before 20 weeks' gestation are excluded. When gestational age is not determined, stillbirth may be defined by fetal weight, acknowledging that stillbirths of similar gestation to live births weigh significantly less. Fetuses weighing more than 400 g are generally regarded as stillborn if gestational age cannot be determined (12) .
Many preventable stillbirths occur in almost every country (1) . Data collection for stillbirth is not complete and investigation of placental pathology is limited in many reports.
General Aspects of Macroscopic Examination of Placenta
All placentas should be examined by birth attendants (Image 1) and the Royal College of Midwives in the United Kingdom has outlined acceptable practice in 
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relation to routine deliveries in National Health Service hospitals (13) . This is shown in Figure 1 (12) .
Additional pathological assessment is necessary for all stillbirths. It is also important in the assessment of many live born infants, and the criteria and approach have been well outlined (14) . It is of interest that the weight of the placenta is not always recorded by birth attendants. The issue of assessment of placental weight is an important part of macroscopic placental assessment (13) . While assessment of weight with and without attached membranes and umbilical cord is commonly recommended (15), it is not always performed. The trimmed weight is the more significant criterion (16) . Placental weight may vary because of congestion of fetal villous capillaries and adherent clot. • Explain the procedure to the parents and offer the choice of observing the examination • Wash hands; wear an apron and gloves
• Consider using the delivery trolley • The placenta is returnedto the surface and membranes spread out in order to look for extra vessels, lobes, or holes in the surface • The amnion is then pulled back towards the cord, thereby separating the membranes to ensure that they are both present • The placenta is turned over to inspect the maternal side 
Umbilical cord assessment in stillbirth placentas is a key aspect of macroscopic pathology. Cord accidents are a recognized cause of stillbirth. Excessively long cords are associated with entanglement, prolapse, knots, hypercoiling, constriction, and thrombosis (17) . A recent article has noted an association with malformation in fetuses with short umbilical cords (18) . This may affect stillbirth rate. Identification of hypercoiled cords is associated with fetal pathology of the central nervous system and musculoskeletal system. There is controversy regarding constriction of twisted cords, particularly at the fetal end of the cord, but most experts support the view that this is a cause of fetal demise in utero. The application of associated histological criteria of vascular ectasia, thrombus within the umbilical cord vessels, and smaller thrombi in fetal stem villi or chorionic plate is useful in supporting the macroscopic findings (19) .
Determination of central, eccentric, marginal (battledore), or velamentous cord insertion should be made. Particular histological sampling of cords showing velamentous insertion is required. Cord discoloration may occur within four hours of fetal demise.
Macroscopic examination of fetal membranes in stillbirths is important and may provide information allowing determination of fetal demise (20) . Discoloration may occur within four hours of fetal demise. Opacity and discoloration are common findings. Marked opacity may indicate inflammatory cellular infiltration of membranes. Image 2 demonstrates opacity in membranes from a case of chorioamnionitis. Pigment deposition seen may be difficult to determine macroscopically. The pigment may be characterized histologically and use of special stains, mainly Perls' Prussian blue stain to identify iron deposition, is necessary. 
Changes in cord and membranes prior to delivery of a stillborn infant occurs fairly rapidly and estimation of time of fetal demise based on macroscopic and microscopic assessment of these tissues (21) is inaccurate. The general description of these changes is described as maceration and many factors such as the presence of bacteria in the tissues, maternal fever, and duration of maternal hypoxia are known to influence the rate of maceration (22) .
Detecting and classifying specific macroscopic lesions is difficult. Pale firm areas may have many different etiologies. The location of hematomas may sometimes be difficult to classify in cases where the placenta is delivered in a fragmented state. Microscopic assessment is useful in these situations.
Stillbirth-Changes in Placenta After Fetal Demise
Although there have been considerable reductions in mortality from a number of common diseases in recent decades, the incidence of stillbirth in developing and wealthy countries has declined modestly (23). In Australia, stillbirth incidence has not declined significantly since 2000 (24) . The proportion of stillbirths with unexplained in utero fetal demise appears to be declining (25) . The number of unexplained stillbirths varies considerably in studies (26, 27) . The failure to determine a precise cause of fetal demise relates mainly to the difficulty of clinicopathological correlation rather than absence of detection of macroscopic and microscopic abnormalities. In studies with low unexplained stillbirth rates, fetal demise is attributed to placental disease in greater numbers (28) .
The pathogenesis of the changes has been considered in detail by Stanek (29) and changes of chronic hypoxia appear to precede the morphological changes. Acute hypoxia by contrast leads to localized infarction. There is overlap. There are good predictors of placental changes which may indicate time from fetal demise to delivery (30) . These morphological changes are presented in Table 3 . Examination of the placental tissue in isolation from the stillbirth limits the utility of these observations.
Placental calcification seen at 28 to 32 weeks' gestation is associated with an adverse outcome. In cases of fetal demise, calcification becomes more prominent and initially is seen in thickened villous basement membranes (31) . There is a close link with fetal hypoxia (29) . The deposition of calcification is initially granular, but larger, more aggregated deposits are seen later. Image 3 demonstrates initial villous calcification following fetal demise.
Stillbirth-Recognizable Causes of Fetal Demise
The disorders may be considered as cord, membranous, or placental disc related.
Cord-Related Disorders
Cord-related disorders are complex and may be associated with a range of clinical scenarios. While a range of embryonic remnants are seen in cord tissue, they are not associated with stillbirth. Single umbilical artery is common and is associated with an increased incidence of cord accidents, growth restriction, maternal diabetes, and antepartum hemorrhage. There is association with diverse congenital abnormalities, oligohydramnios, and polyhydramnios. There are reports of supernumerary vessels and these may be associated with congenital abnormality. Thrombi are found in a small number of cords. The incidence appears to be less than one in 1000 deliveries (32) .
In most stillbirths with thrombi present, some organization is seen. Veins are the common site of cord vascular thrombi. There is an association with knots and entanglement. True knots are present in up to 1% of cords and most are loose. Those with associated venous thrombi within tight knots are of significance. False knots are of no clinical significance.
While there are many forms of cord insertion, velamentous insertion is of major significance and hemorrhage may occur at this site resulting in fetal demise. Thrombosis may also be noted.
Funisitis may be recognized either macroscopically or microscopically and is usually associated with ascending infection. Image 4 highlights patchy funisitis. It may be less severe than the chorioamnionitis found. 
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Membranous Disorders
Membranous changes may be divided into those associated with ascending infections and those associated with fetal developmental abnormalities. Ascending infections are common and are closely associated with stillbirth. Membranes may be intact or ruptured. The macroscopic changes may be minimal or may be thick and exudative. The inflammatory process may also result in funisitis, villitis, and deciduitis. The correlation with clinical findings is usually without difficulty, but some stillbirth cases are less clear with limited inflammation present. The key histological feature is neutrophilic infiltration. Fibrinous exudate and loss of amniotic cells are usually noted. In some placentas particularly with severe group B streptococcal infections, large numbers of coccal organisms may be seen with only a limited number of neutrophils present. Most studies have highlighted group B streptococci as the most likely cause of ascending infection causing stillbirth (33). Folgosa et al (34) have reported the specific etiological organisms in chorioamnionitis causing stillbirth in a population in Maputo, Mozambique, and noted the prevalence of ascending infection related to Escherichia coli. The diversity of results reported has been noted particularly in regions where the burden of infectious diseases is high (33) . Many reports of bacterial, viral, and protozoan ascending infections are reported (15) . Of the bacterial causes, Fusobacterium and Clostridia represent difficulty with identification and may require stains in addition to hematoxylin and eosin stain and gram stain. in addition to hematoxylin and eosin stain and gram stain; Warthin-Starry and Silver stains are examples of such.. Bacterial vaginosis has been reported in cases of premature rupture of membranes and increased incidence of preterm birth, but clear association with stillbirth is not reported (35) . 
Placental Disc-Related Disorders
Acute and chronic villitis are recognized causes of stillbirth. There are diverse etiologies.
Acute villitis is associated with a variety of infections where there is ascending infection involving placental villi or following maternal septicemia. A typical example of the latter is Listeria monocytogene infection in which acute villitis and characteristic microabscess formation is seen (37) . Listeria infections are foodborne infections resulting in bacteremia in susceptible individuals, including pregnant women. The range of foods involved has become more complex and includes dairy, meat products, and a range of salad vegetables and fruits such as cantaloupes or rock melons.
Chronic villitis is defined as chronic inflammatory infiltrate in chorionic villi and is associated with stillbirth. It may be classified as of known or unknown etiology. Chronic villitis of unknown etiology is known to occur in 5% to 15% of all placentas, and in selected cases, such as those in growth restriction or stillbirth, up to 30% of placentas are reported with this. There are two major suggestions regarding possible etiology. The first relates to minor graft-versus-host disorder and the second relates to viral disease not recognized by limited viral immunohistochemical staining. Careful correlation with clinical history is necessary (38) .
Chronic villitis associated with definitive microbiological etiology is well recognized and assessment of placentas from stillborn fetuses requires careful sampling of the placental disc and correlation with maternal serology and microbiological cultures. Image 6 demonstrates spirochetes in an example of congenital syphilis.
Image 5: Numerous hyphal structures on the amniotic surface (methylene blue stain x100). 
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The causes of these specific infections are numerous and diverse. Bacterial, viral, protozoan, and nematode infections have been reported (39) . Bacterial, viral, protozoan and nematode infections have been reported, but Cytomegalovirus infection is the most prevalent (39). Histopathological features are not able to reliably identify all specific infections. Although histopathological features are not able to reliably identify all specific infections, specific features of protozoans and viral inclusions may be observed.
Key issues linking placental disorders to fetal demise include the major vascular disorders of the placenta. It may be difficult to precisely classify disorders as obstetric complications or placental disease (2) . This is particularly true in relation to vascular phenomena. Fetal demise associated with perivillous fibrin deposition and maternal floor infarction and fetal vasculopathy may have a significant maternal hemorrhage but are appropriately classified as placental diseases.
Massive perivillous fibrin deposition and maternal floor infarction are usually present in relatively small placental discs. Careful sectioning is needed to identify the location of the lesion and its extent. Multiple sections of the region are advised because all of the microscopic changes-individual fibrotic and infarcted villi separated by fibrin, cytotrophoblast cells within fibrin, and cysts-are rarely seen in one histological section. The maternal floor infarction often requires these additional sections to allow identification.
Fetal vasculopathy may be difficult to separate from intrauterine fetal demise. The morphological changes may overlap and the changes depend on determining that there is a true localized region of placental villous abnormality. Nonocclusive thrombi are seen in fetal stem villi and isolated fibrin deposits are noted occasionally. Obliteration of these vessels may be seen in some cases. It is possible that chronic villous inflammation precedes these vascular changes, but it is dif- 
ficult to establish (40) . The use of fibrin stains may be helpful in some cases. There is a classification system based on the number of affected villi; its value in predicting outcome is yet to be fully assessed, but most stillbirth cases are regarded as large or high grade.
Placental abruption is regarded as a clinical diagnosis and a retroplacental hematoma may be seen. It is thought that the probable etiology is rupture of a decidual artery. It is linked to maternal smoking and cocaine consumption, which are associated with significant fetal loss. While examination of the placenta and clot may highlight the severity of the condition, a specific localized macroscopic or microscopic lesion is not usually found. The age of the hematoma is difficult to assess.
Trophoblastic disorders are only linked to stillbirth when coexisting fetus is twinned with complete mole or if the triploid fetus in partial mole has a gestation greater than 20 weeks. These rare events may be diagnosed with careful placental examination and karyotyping.
Many stillbirths are caused by major congenital abnormalities, but the placenta is rarely significantly and specifically affected by the abnormality. With neural tube defects, adhesion to the placenta of the anencephalic head has been reported and immature development of placental villi may be seen (41) . In modern obstetric practice, there has been a reduction in the numbers of stillbirths linked to congenital abnormality. Placenta accreta, increta, and percreta have been increasing in incidence in many countries due to increase in cesarean section rates (42) . The diagnosis cannot be made without uterine material associated with attached placenta. Up to 3% result in stillbirth. No specific cord or membranous abnormality has been reported. Most placentas studied are third trimester morphology and no localized villous abnormality is seen. Direct attachment of placental villous tissue to uterine myometrial tissue occurs.
There are many maternal diseases associated with fetal demise which are well recognized. Relatively few stillbirths are the consequence of preexisting maternal disease with the exception of hypertensive disorders and diabetes mellitus (2) . The placental morphology of these diseases is well described, but the precise pathophysiological explanations for these morphologic changes is not fully understood.
Preeclampsia is defined as the combination of hypertension associated with pregnancy after 20 weeks' gestation and proteinuria and is seen in up to 7% of pregnancies. The outcome of these pregnancies is poorer than other gestations and there is a recognized association with stillbirth. The main placental changes are decidual vasculopathy, infarction, placental abruption, villous maldevelopment, and reduced placental disc mass. The decidual vascular changes appear to precede the other changes. Image 7 demonstrates the vascular changes. The vessels do not undergo the changes seen in normal placental development. The diameter of the arterial structures is reduced. Smooth muscle cells persist in arteriolar structures. There is a proliferation of subendothelial cells (atherosis), thrombosis, inflammatory infiltration of arterial walls, and fibrinoid necrosis. These changes may be difficult to identify and many sections of decidual bed tissue may be required. Areas of infraction, particularly in severe cases, may obscure these key vascular changes. Infarcts of varying ages may assist in the diagnosis. Additional sections of maternal bed are often needed in cases of abruption. Villous hypoplasia is often recognized but is not specific for the disorder. This is shown in Image 8.
Maternal diabetes mellitus has been rapidly increasing in incidence. Most recent data indicate that stillbirth rates in this population have been declining (43) . The pathological changes in the placenta of diabetic patients vary considerably. Many placentas are thick, congested, and friable. Villous enlargement is a common feature and villi are often dysmature. The features are not specific to diabetes and it is not possible to determine type of diabetes from the histopathology. Poor control of diabetes is responsible for more severe changes. 
Stillbirth incidence in twin pregnancy is greater in both monochorionic and dichorionic twins than singletons (40) . There are specific aspects relating to twin placenta and stillbirth and these include twin-twin transfusion and increased congenital abnormality rate (44) . Monochorionic monoamniotic twins have an even greater rate of fetal demise. Careful examination of the dividing membrane histopathology including T-zone sections is advised. Fetus papyraceous may be present adherent to membrane tissue. This would not be classified as stillbirth in the WHO classification but may qualify based on gestational age in some regions. More complex multiple gestation placental studies require careful sampling of dividing membranes and genetic analysis of cord tissue.
CONCLUSION
The major issue of placental examination in stillbirth is to assist assessment of fetal demise. The number of stillbirths with a specific cause of fetal demise can be addressed by careful assessment of placental macroscopic and microscopic morphology. Determining whether there is a specific placental disease or an obstetric complication may be difficult.
